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Summary
Introduction:  Rehabilitation  programs  after  rotator  cuff  repair  should  allow  recovery  of  shoul-
der function  without  preventing  tendon  healing.  The  aim  of  this  randomized  prospective  study
was to  compare  the  clinical  results  after  two  types  of  postoperative  management:  immediate
passive motion  versus  immobilization.
Patients  and  methods:  We  followed  100  patients,  mean  age  55  years  old,  who  underwent
arthroscopic  repair  of  a  non-retracted  supraspinatus  tear.  Patients  were  randomized  to  receive
postoperative  management  of  immediate  passive  motion  or  strict  immobilization  for  6  weeks.
A clinical  evaluation  was  performed  in  92  patients,  and  CT  arthrography  in  82.  Mean  follow-up
was 15  months.
Results:  The  mean  preoperative  Constant  score  improved  signiﬁcantly  from  46.1  points  to  73.9
at the  ﬁnal  follow-up.  The  rate  of  intact  cuffs  was  58.5%.  Functional  results  were  statisti-
cally better  after  immediate  passive  motion  with  a  mean  passive  external  rotation  of  58.7◦ at
the ﬁnal  follow-up  versus  49.1◦ after  immobilization  (P  =  0.011),  a  passive  anterior  elevation
of 172.4◦ versus  163.3◦ (P  =  0.094)  respectively,  a  Constant  score  of  77.6  points  versus  69.7
(P =  0.045)  respectively,  and  a  lower  rate  of  adhesive  capsulitis  and  complex  regional  pain  syn-
drome. Results  for  healing  seemed  to  be  slightly  better  with  immobilization,  but  this  was  not
statistically  signiﬁcant:  the  cuff  had  a  normal  appearance  in  35.9%  of  cases  after  immobiliza-
tion compared  to  25.6%  after  passive  motion,  an  image  of  intratendinous  addition  was  found  in
25.6% versus  30.2%,  punctiform  leaks  in  23.1%  versus  20.9%,  and  recurrent  tears  in  15.4%  versus
23.3% respectively.
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Discussion:  The  rehabilitation  program  that  results  in  better  tendon  healing  by  preventing  post-
operative stiffness  has  not  yet  been  identiﬁed.  Our  results  suggest  that  early  passive  motion
should be  authorized:  the  functional  results  were  better  with  no  signiﬁcant  difference  in  heal-
ing.
Level of  evidence:  Level  II.  Randomized  prospective  study.
.  All  
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otator  cuff  tears  are  frequent,  with  a  prevalence  of  13%
n  subjects  in  their  50s  and  up  to  50%  after  the  age  of  80
1].  The  capacity  of  the  tendon  to  heal  is  limited  and  mul-
ifactorial,  as  shown  by  the  rate  of  recurrent  tears  after
epair,  which  varies  from  16%  in  non-retracted  tears  in
oung  subjects  [2],  to  94%  in  massive  tears  [3].  The  aim  of
esearch  today  is  to  improve  the  intrinsic  healing  capacity
f  the  tendon,  both  on  a  biological  [4—6]  and  biomechanical
evel  [7,8], and  to  try  to  improve  surgical  repair  techniques
9,10].
Postoperative  management  of  rotator  cuff  tears  initially
onsisted  of  immobilization  of  the  shoulder.  Because  of
he  signiﬁcant  rate  of  stiffness  reported  [11,12]  with  this
pproach,  the  use  of  passive  motion  has  gradually  gained
cceptance,  based  on  the  management  of  other  tendon
epairs  [13].
Postoperative  management  of  rotator  cuff  tear  repairs  is
n  essential  step.  It  should  provide  recovery  of  joint  range
f  motion,  muscular  strength  and  shoulder  function,  without
reventing  healing  of  the  repaired  tendon.  Very  few  studies
ave  evaluated  the  consequences  of  postoperative  manage-
ent  on  tendon  healing.  Animal  studies  have  only  recently
hown  that  healing  may  be  improved  following  immobiliza-
ion  [14,15].
The  aim  of  this  prospective  randomized  study  was  to
ompare  the  clinical  and  anatomical  results  of  tendon  heal-
ng,  passive  range  of  motion  and  functional  scores  after  two
ypes  of  postoperative  management  of  arthroscopic  repair
f  the  supraspinatus  tendon:  immediate  passive  motion  ver-
us  mobilization.  Our  hypothesis  was  that  immobilization
oes  not  inﬂuence  postoperative  functional  and  anatomical
esults.
atients and methods
he  series
his  was  a  prospective,  randomized,  monocentric  study
hich  was  preliminary  to  a  Clinical  Research  Hospital
rogram  (Programme  hospitalier  de  recherche  clinique
No.  4964]).  One  hundred  patients  were  included  who  under-
ent  arthroscopic  repair  of  a  distal  or  intermediate  tear
f  the  supraspinatus  tendon  between  January  2008  and
eptember  2009.
Inclusion  criteria  were  a  symptomatic,  non-retracted,
solated  supraspinatus  tear  that  was  refractory  to  medi-
al  treatment,  with  a  mobile  shoulder,  with  stage  2  or  less
atty  inﬁltration,  and  a  preserved  acromiohumeral  distance.
xtension  of  the  tear  in  the  form  of  anterior  or  posterior
elamination  were  not  criteria  for  exclusion.
i
o
f
irights  reserved.
Postoperative  management  was  randomized  after  surgery
o  obtain  two  groups  of  50  patients:  the  ﬁrst  received  a  pro-
ocol  of  immediate  passive  motion  (the  ‘‘Passive’’  group),
nd  the  second  was  immobilized  for  6  weeks  in  a  sling,  which
nly  allowed  pendulum  exercises  (‘‘Immobilization’’  group).
ive  patients  were  lost  to  follow-up  (three  for  demographic
easons,  one  for  other  medical  reasons  and  one  for  refusal
ue  to  dissatisfaction),  one  patient  died,  and  two  were
xcluded  for  early  mechanical  failure  (pull-out  of  suture
nchor  at  6  weeks  after  surgery).
The  series  included  92  patients  (34  men  and  58  women)
ean  age  55.3  years  old  (37—71,  E-T  =  8  years)  at  surgery.
he  cuff  tear  was  in  the  right  shoulder  in  71%  of  the  cases  and
he  dominant  shoulder  in  74%.  Sixty-ﬁve  percent  were  man-
al  workers  and  31%  of  the  tears  were  due  to  work  related
ccidents  or  professional  injuries  (W  comp).  The  mean  delay
etween  the  ﬁrst  symptoms  and  surgery  was  205  months
2—100,  E-T  =  21  months).
reoperative  evaluation  of  lesions/injuries
he  day  before  surgery,  passive  range  of  motion  and  the
onstant  score  [16]  were  measured  and  showed  a  mean  173◦
f  anterior  elevation  (140—180◦),  58◦ of  external  rotation
30—80◦),  and  a  Constant  score  of  46.1  points  (19—83,  E-
 =  12)  (Table  1).
The  initial  clinical  evaluation  included  a  standard  radio-
raphic  assessment  associated  with  complementary  imaging
ests  (CT  arthrography  in  73  cases,  MRI  in  14,  and  arthro-MRI
n  ﬁve).  The  mean  acromiohumeral  interval  was  10.3  mm
7—15,  E-T  =  1.7),  and  the  fatty  inﬁltration  index  was  0.54.
cromioclavicular  arthropathy  was  found  in  54%  of  the
ases.
lassiﬁcation  of  the  tear
he  extent  of  the  tear  was  evaluated  in  the  coronal
nd  sagittal  planes  preoperatively.  The  tear  involved  the
upraspinatus  tendon  in  all  cases:  it  was  partial  in  24%  and
 full  thickness  tear  in  76%  of  cases  (including  52%  stage  I
istal  tears  and  24%  intermediate  stage  II  anteroposterior
ears)  [17]. Analysis  of  the  extent  of  the  tear  on  the  sagittal
lane  showed  a  tear  that  was  limited  to  the  supraspinatus
n  54%  of  the  cases,  with  anterior  extension  to  the  rotator
nterval  or  associated  with  an  irregularity  or  delamination
f  the  subscapularis  in  23%,  with  posterior  extension  in  the
orm  of  delamination  of  the  upper  third  of  the  infraspinatus
n  11%,  and  with  anterior  and  posterior  delamination  in  12%.
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Table  1  Progression  of  the  Constant  score.
Parameters  Preoperative  Postoperative  P
Pain  (out  of  15)  5.3  ±  2.4  12  ±  3  <  0.001
Activity (out  of  20)  9.2  ±  3.1  16.5  ±  3.8  <  0.001
Range of  motion  (out  of  40)  23.2  ±  6.5  34.1  ±  6.8  <  0.001
Strength (out  of  25)  8.5  ±  4.7  11.3  ±  4.8  =  0.014
Global Constant  score  (out  of  100)  46.1  ±  12  73.9  ±  15.7  <  0.001
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aAdjusted Constant  Score  (%) 57.9 ±  
Surgical  technique
Cuff  repair  was  performed  arthroscopically  in  all  cases  with
the  patient  in  the  beach  chair  position,  by  ﬁve  different
senior  surgeons  and  under  general  anesthesia.
Repair  of  the  supraspinatus  tendon  was  performed  by  sin-
gle  row  suture-reinsertion  in  59%  of  the  cases,  in  particular
for  partial  tears  and  limited  distal  full  thickness  tears.  Dou-
ble  row  ﬁxation  was  used  in  41%  of  the  cases,  normally  for
intermediate  full  thickness  tears  and  extensive  distal  tears.
No  tendon  release  was  necessary.
A  tenotomy  of  the  long  head  of  the  biceps  (LHB)  was
performed  in  65%  of  the  cases  and  a  tenodesis  in  11%.  An
acromioplasty  was  performed  in  91%  of  the  cases.  Resection
of  the  inferior  osteophytes  of  the  acromioclavicular  joint
was  performed  in  5%  of  the  cases  with  complete  resection
in  15%.
Rehabiliation  protocols
In  the  ‘‘Passive’’  group,  rehabilitation  began  the  day  after
surgery  with  three  to  ﬁve  sessions  per  week  depending  upon
the  availability  of  the  physical  therapist.  This  included  pen-
dulum  exercises,  manual  passive  range  of  motion  and  work
on  a  CPM  machine  [Continuous  Passive  Motion]  without  lim-
itation  of  the  range  of  motion.  A  sling  was  worn  in  between
the  rehabilitation  sessions.
The  ‘‘Immobilization’’  group  included  strict  immobiliza-
tion  of  the  shoulder  in  a  sling  that  was  placed  at  the  end  of
surgery  and  worn  for  6  weeks,  with  no  movement  allowed
except  pendulum  exercises.
Active  rehabilitation  was  begun  in  both  groups  after  the
6-week  postoperative  control,  and  was  identical  in  both
groups.  Then  4  months  after  surgery  the  muscular  strength-
ening  phase  was  begun.
Postoperative  evaluation
Functional  evaluation
Ninety-two  patients  were  evaluated  for  function  during  a
control  consultation  after  a  mean  follow-up  of  16  months
and  a  minimum  of  12  months.
Shoulder  stiffness  was  evaluated  by  measuring  passive
range  of  motion  with  a  goniometer,  in  anterior  elevation
and  external  rotation  (at  3,  6,  12  months  and  at  the  ﬁnal
follow-up).  The  level  of  functional  recovery  was  evaluated
by  the  Constant  and  Murley  score  [16].
s
a
i88.8 ±  15.8  <  0.001
natomical  evaluation
natomical  results  were  assessed  in  ninety-two  patients  by
rthro-CT  at  a  mean  14  months  and  a  minimum  of  6  months
fter  surgery.  Ten  patients  refused  to  undergo  this  exam-
nation  because  it  was  invasive  and  painful.  Supraspinatus
ealing  on  the  greater  tubercle  was  classiﬁed  into  four
tages  according  to  the  classiﬁcation  used  during  the  2004
ymposium  of  the  French  Society  of  Arthroscopy  (Société
ranc¸aise  d’arthroscopie)  [2]  (Fig.  1):  normal  cuff  (stage  I),
ntratendinous  addition  (stage  II),  punctiform  leak  (stage  III),
ecurrent  tear  (stage  IV).
tatistical  evaluation
ll  of  the  data  were  analyzed  with  SPSS  13.0  statisti-
al  software  (SPSS  Inc.,  Chicago,  Ill.,  USA).  Measurements
ere  expressed  as  means  and  standard  deviations.  Qualita-
ive  variables  were  analyzed  using  the  Fisher  exact  test  or
he  Pearson  Chi2 test.  Continuous  variables  were  compared
sing  non-parametric  tests  (Mann-Whitney  test,  Kruskal-
allis  test,  Wilcoxon  test).  P  <  0.05  was  considered  to  be
igniﬁcant.
esults
lobal  postoperative  results
 statistically  signiﬁcant  improvement  was  found  for  all
tems  of  the  Constant  score,  which  went  from  a  mean  46.1
oints  (19—83,  E-T  =  12)  preoperatively,  to  73/9  (24—99,  E-
 =  15.7)  at  the  ﬁnal  follow-up  (P  <  0.001)  (Table  1).  These
esults  were  classiﬁed  as  excellent  in  47%  (Constant  Index
CI]  80  points  or  more),  good  in  26%  (CI  between  65—79),
verage  in  18%  (CI  between  50—64)  and  poor  in  9%  (CI  below
0),  according  to  the  Walch  and  Marechal  classiﬁcation  [18].
Postoperative  complications  included  10  adhesive  cap-
ulitis,  three  complex  regional  pain  syndromes,  and  two
elayed  anchor  suture  pull-out,  which  were  not  the  same
s  the  two  early  tears  in  the  excluded  patients  (the  ﬁrst
fter  12  weeks  which  still  had  good  functional  results;  the
econd  after  the  10th  month  requiring  revision  surgery  with
n  average  result).
CT  arthroscopy  showed  that  58.5%  of  the  cuffs  were
ntact  and  19.5%  had  recurrent  tears  (Table  2).
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Figure  1  Classiﬁcation  of  anatom
Table  2  Global  anatomical  results.
Anatomical  results  (%)
Normal  appearance
(stage  I)
30.5 58.5%  of  intact
cuffs
Intratendinous  addition
(stage  II)
28
Punctiform  leak
(stage  III)
22 31.5%  non-healed
cuffs
Recurrent  tear
(stage  IV)
19.5
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follow-up  (P  =  0.011).
Fourteen  patients  (32.6%)  in  the  ‘‘Immobilization’’  grouptudy  of  the  homogeneity  of  the  two  groups
 statistical  study  of  homogeneity  was  performed,  con-
rming  that  the  two  groups  were  homogeneous  for
ll  preoperative  criteria:  individual  (age,  gender,  delay,
 comp),  clinical  (mobility,  Constant  score),  lesions
retraction  and  sagittal  extension  of  the  tear,  fatty  inﬁl-
ration),  surgical  procedure,  (single  or  double  row  ﬁxation,
h
cical  results  into  four  stages.
cromioplasty,  procedure  on  the  LHB,  acromioclavicular
esection),  and  follow-up.
unctional  results  in  relation  to  the  rehabilitation
rotocol
he  mean  passive  ﬂexion  at  the  ﬁnal  follow-up  was  163.3◦
90—180◦,  E-T  =  25.1◦) in  the  ‘‘immobilization’’  group  and
72.4◦ (130—180◦,  E-T  =  13◦)  in  the  ‘‘Passive’’  group  with  no
igniﬁcant  difference  between  the  groups  (Table  3).  Recov-
ry  of  ﬂexion  was  poorer  and  later  in  the  ‘‘Immobilization’’
roup  and  the  short-term  difference  between  the  two  groups
as  more  marked  and  signiﬁcant  (P  =  0.001),  while  it  gradu-
lly  stabilized  over  time  (P  =  0.094).
Passive  external  rotation  (ER1)  at  the  ﬁnal  follow-up
as  49.1◦ (10—80◦,  E-T  =  18◦) in  the  ‘‘Immobilization’’  and
8.7◦ (30—85◦,  E-T  =  12,9◦)  in  the  ‘‘Passive’’  group  (Table  4).
here  was  a  signiﬁcant  and  progressive  loss  of  ER1  in  the
‘Immobilization’’  group  which  was  still  present  at  the  ﬁnalad  an  ER1  of  less  than  20◦ at  the  third  postoperative  month
ompared  to  ﬁve  (10.2%)  in  the  ‘‘Passive’’  (P  =  0.008)  group,
Passive  motion  versus  immobilization  after  supraspinatus  repair  S135
Table  3  Comparison  of  passive  anterior  elevation  between  the  two  groups.
Flexion  Passive  Immobilization  P
Preoperative  174.9◦ ±  9.4  170.5◦ ±  12.9
3 months  142.1◦ ±  28.2  112.9◦ ±  37.6  =  0.001
6 months  158.4◦ ±  22.9  146.4◦ ±  30.0  =  0.046
12 months  171.9◦ ±  13.6  161.9◦ ±  26.2  =  0.076
Final follow-up  172.4◦ ±  13.0  163.3◦ ±  25.1  =  0.094
Difference preoperative  —ﬁnal  follow-up  −2.4◦ ±  14.1  −7.2◦ ±  26  =  0.616
Table  4  Comparison  of  passive  external  rotation  between  the  two  groups.
ER1 Passive  Immobilization  P
Preoperative  58.4◦ ±  12.5  57.2◦ ±  13.9
3 months  45.6◦ ±  14.9  27.5◦ ±  19.4  <  0.001
6 months  54.3◦ ±  12.5  44.3◦ ±  19.4  =  0.020
12 months  58.1◦ ±  13.2  48.3◦ ±  18.2  =  0.010
Final follow-up  58.7◦ ±  12.9  49.1◦ ±  18.0  =  0.011
Difference preoperative  —  ﬁnal  follow-up  +0.3◦ ±
and  13  patients  (30.2%)  had  an  ER1  of  less  than  30◦ at
the  sixth  postoperative  month  compared  to  three  (6.1%)
(P  =  0.002)  in  the  ‘‘Passive  Group’’.  We  identiﬁed  nine  adhe-
sive  capsulitis  and  complex  regional  pain  syndromes  (20.9%)
in  the  ‘‘Immobilization’’  group,  compared  to  four  (8.2%)  in
the  ‘‘Passive’’  group  (P  =  0.073).
The  mean  Constant  score  at  follow-up  was  signiﬁcantly
higher  (P  =  0.045)  in  the  ‘‘Passive’’  group  with  77.6  points
(49—99,  E-T  =  12.4),  than  in  the  ‘‘Immobilization’’  group
with  69.7  points  (24—96,  E-T  =  18)  (Table  5).  Constant  score
results  were  good  or  very  good  in  82%  of  the  ‘‘Passive’’
group  compared  to  63%  of  the  ‘‘Immobilization’’  group
(Fig.  2).
Thus,  there  was  a  correlation  between  better  recovery
of  passive  range  of  motion  over  time  and  the  Constant  score
in  the  ‘‘Passive’’  group.
Figure  2  Comparison  of  functional  results  according  to  the
Constant  score  between  the  two  groups.
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natomical  results  depending  on  the  rehabilitation
rotocol
natomical  results  in  relation  to  the  rehabilitation  protocol
re  presented  in  Table  6.
The  higher  rate  of  complete  healing  and  intact  cuffs,
s  well  as  the  lower  rate  of  recurrent  tears  in  immobi-
ized  patients  suggests  that  results  in  the  immobilization
roup  were  slightly  better  for  the  quality  of  tendon  healing,
lthough  this  was  not  statistically  signiﬁcant.
iscussion
nﬂuence  of  postoperative  immobilization  on  the
natomical  results
he  anatomical  studies  in  the  literature  comparing  postop-
rative  management  after  rotator  cuff  repair  have  mainly
een  performed  in  animal  models.  Results  with  immobi-
ization  are  positive  for  the  histological  and  biomechanical
roperties  of  the  tendon  [14,15,19,20].
Lewis  et  al.  [19]  found  better  load-to-failure  and  ten-
on  stiffness  after  6  weeks  of  immobilization  in  sheep.  The
ther  studies  have  been  performed  in  the  rat  model  which
s  very  similar  to  the  human  shoulder  in  terms  of  bone,  joint
nd  range  of  motion  anatomy.  Thomopoulos  [14]  then  Peltz
20]  found  that  the  structural  composition  of  the  tendon  was
loser  to  normal  after  immobilization  following  supraspina-
us  repair  in  the  rat  (better  organization  of  collagen  ﬁbers,
ore  marked  expression  of  ﬁbrocartilage  genes)  with  bet-
er  biomechanical  properties.  In  fact  activity  seemed  to  be
armful  by  increasing  the  production  of  scar  tissue  with
ower  biomechanical  properties.  Thus  it  may  be  necessary  to
rotect  the  bone-tendon  interface  to  allow  collagen  ﬁbers  to
ntegrate  into  the  bone.  The  duration  of  immobilization  also
akes  it  possible  to  enhance  the  biomechanical  properties
f  the  healing  tendon  [15].
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Table  5  Comparison  of  Constant  score  between  the  two  groups.
Constant  Score  Passive  Immobilization  P
Pain  12.6  ±  2.3  11.3  ±  3.5  =  0.109
Activity 17.1  ±  3.4  15.8  ±  4.2  =  0.176
Mobility 35.7  ±  4.7  32.3  ±  8.2  =  0.124
Strength 12.3  ±  4.8  10.3  ±  4.7  =  0.037
Global 77.6  ±  12.4  69.7  ±  18.0  =  0.045
Adjusted (%) 92.5  ±  10.6  84.5  ±  19.4  =  0.134
Table  6  Comparison  of  anatomical  results  between  the  two  groups.
Passive  (%)  Immobilization  (%)  P
Intact  cuff
Intact 55.8  61.5 =  0.382
Non-intact 44.2  38.5
SFA classiﬁcation
Normal  appearance  (stage  I)  25.6  35.9 =  0.669
Intratendinous  addition(stage  II)  30.2  25.6
Punctiform  leak  (stage  III)  20.9  23.1
Recurrent  tear  (stage  IV)  23.3  15.4
Healing
Complete  25.6  35.9 =  0.500
Incomplete 51.1  48.7
Recurrent  tear  23.3  15.4
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Recurrent  tear  23.3  
Immobilization  has  not  been  shown  to  be  better  for  heal-
ng  in  man  as  the  inﬂuence  of  the  postoperative  protocol  on
he  anatomical  results  has  rarely  been  studied.  In  our  series
here  was  a  higher  rate  of  complete  healing  and  intact  cuffs
fter  immobilization  as  well  as  a  lower  rate  of  recurrent
ears.  This  suggests  that  immobilization  results  in  slightly
etter  quality  tendon  healing,  although  these  results  were
ot  statistically  signiﬁcant.
Deutsch  et  al.  [21]  identiﬁed  a  similar  tendency  with  a
ore  conservative  protocol  of  passive  rehabilitation  that
imited  ﬂexion  to  4  weeks.  The  rate  of  healing  evalu-
ted  by  ultrasound  at  6  months  was  91%  of  intact  cuffs  in
he  ‘‘conservative’’  protocol  group  compared  to  81%  with
he  ‘‘standard’’  protocol,  with  no  signiﬁcant  difference
etween  the  groups.
After  6  weeks  of  postoperative  immobilization,  Parsons
t  al.  [22]  separated  patients  into  two  groups  according  to
heir  passive  range  of  motion  at  the  sixth  week.  An  MRI  per-
ormed  at  1  year  of  follow-up  showed  a  healing  rate  of  70%
n  the  group  that  was  stiff  at  6  weeks  compared  to  36%  in
he  non-stiff  group  (P  =  0.079).  However,  all  the  patients  in
hat  study  were  immobilized  therefore  the  inﬂuence  of  the
ostoperative  protocol  could  not  be  evaluated.
nﬂuence  of  postoperative  immobilization  on
unctional results
ostoperative  stiffness  is  the  most  frequent  complication
fter  arthroscopic  rotator  cuff  repair.  It  occurs  with  a
t
b
l
i15.4  =  0.269
requency  of  3.1—23%,  but  the  criteria  to  deﬁne  stiffness
ary  widely  from  one  study  to  another  [2,22—25].  This
tiffness  can  have  many  causes:  adhesive  capsulitis  [26]
capsular  and  synovial  inﬂammatory  reaction,  causing  adhe-
ions  and  capsular  rectraction),  pseudotenodesis  of  the
eltoid  [27]  (adhesions  of  the  subacromial  space),  and  com-
lex  regional  pain  syndrome.  Shoulder  stiffness  is  correlated
o  increased  pain  and  poorer  functional  and  quality  of  life
cores  [28].
In animal  models,  authors  have  found  that  the  results  of
mmobilization  are  harmful,  with  increased  stiffness,  which
an  compromise  short-term  functional  results.  Neverthe-
ess  this  stiffness  is  transitory  and  does  not  persist  in  the
ong-term  follow-up  [29—31]. Schollmeier  et  al.  [29]  studied
he  effects  of  immobilization  in  the  non-operated  gleno-
umeral  joint  in  the  dog.  Results  showed  reduced  joint
ange  of  motion  and  capsular  volume,  increased  intraartic-
lar  pressure  and  histological  modiﬁcations  such  as  those
ound  in  adhesive  capsulitis  in  man.  However,  all  of  these
odiﬁcations  were  reversible  once  the  joint  was  exercised
30].  After  4  weeks  of  immobilization  following  supraspina-
us  repair  in  the  rat,  Sarver  et  al.  [31]  found  a  signiﬁcant
ut  transitory  increase  in  stiffness  during  external  rotation
ompared  to  that  in  the  non-immobilized  group.
In  another  study  in  the  rat  Peltz  et  al.  [20,32]  found
he  opposite  results:  early  passive  motion  was  shown  to
e  harmful  for  joint  range  of  motion.  They  attributed  this
oss  of  range  of  motion  to  the  formation  of  scar  adhesions
n  the  subacromial  space,  favored  by  movement-induced
pair  
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[Passive  motion  versus  immobilization  after  supraspinatus  re
mechanical  stress.  This  mechanical  stress  can  cause  an
inﬂammatory  cascade  via  MAP-kinases,  causing  the  prolifer-
ation  of  ﬁbroblasts  and  the  formation  of  adhesive  capsulitis
[33].
There  are  no  studies  in  man  comparing  the  functional
results  of  postoperative  immobilization  and  immediate  pas-
sive  motion.  The  series  by  Deutsch  [21]  and  Parsons  [22]
did  not  ﬁnd  any  difference  in  pain,  mobility  or  func-
tional  scores.  The  former  study  compared  the  results  of
two  protocols  of  passive  rehabilitation,  and  the  latter
compared  stiff  and  non-stiff  patients  after  postoperative
immobilization.
On  the  other  hand,  several  authors  have  shown  the
beneﬁcial  effect  of  adding  continuous  passive  motion  to
a  standard  protocol  of  passive  rehabilitation:  short-term
recovery  of  joint  range  of  motion  was  statistically  better,
but  the  difference  did  not  persist  after  1  year  of  follow-up
[34—36].
In  our  series  the  best  short  and  intermediate  term  func-
tional  results  were  obtained  with  immediate  passive  motion.
After  immobilization,  there  was  a  signiﬁcant  limitation  of
passive  external  rotation  and  of  the  Constant  score  after
16  months  of  follow-up.  Immobilization  resulted  in  more
early  stiffness,  adhesive  capsulitis  and  complex  regional
pain  syndrome.
Strong  points  and  limits  to  this  study
The  strong  points  of  this  study  are  its  prospective,  random-
ized  design,  the  size  of  the  population,  the  low  rate  of  lost
to  follow-up,  and  the  high  rate  of  anatomical  controls.  The
minimum  follow-up  was  sufﬁcient  to  obtain  a  reliable  inter-
pretation  of  anatomical  and  functional  results.  Arthro-CT  is
still  the  most  effective  tool  for  evaluating  rotator  cuff  tears:
its  sensitivity  and  speciﬁcity  for  the  diagnosis  of  full  thick-
ness  tears  is  nearly  100%  especially  deep  partial  tears  of  the
supraspinatus  [37].
Our  series  is  limited  because  it  is  a  multi-surgeon  study
that  included  partial  and  full  thickness  tears.  Repairs  were
performed  with  two  types  of  sutures  (single  or  double  row);
nevertheless  their  distribution  in  the  two  groups  was  homo-
geneous.
Conclusion
Postoperative  stiffness  after  rotator  cuff  tear  repair  is  more
correlated  to  pain  and  less  to  functional  results.  In  our
series,  after  16  months  of  follow-up  there  was  a  persistent
signiﬁcant  deﬁcit  in  passive  external  rotation  and  in  the
Constant  score  in  the  ‘‘immobilization’’  group,  with  no  dif-
ference  in  healing.
Thus  the  rehabilitation  protocol  which  results  in  bet-
ter  tendon  healing  by  preventing  postoperative  stiffness,
has  not  yet  been  identiﬁed.  Our  results  suggest  that  early
passive  motion  should  be  allowed,  because  the  functional
results  were  better  with  this  type  of  rehabilitation.  A  short
period  of  immobilization  could  nevertheless  be  beneﬁcial
to  protect  the  repair  without  compromising  the  functional
results.
[S137
isclosure of interest
.  Clavert:  consultant  for  DePuy  Mitek.
eferences
[1] Tempelhof S, Rupp S, Seil R. Age-related prevalence of rotator
cuff tears in asymptomatic shoulders. J Shoulder Elbow Surg
1999;8:296—9.
[2] Flurin PH, Landreau P, Gregory T, et al. Réparation arthro-
scopique des ruptures transﬁxiantes de la coiffe des rotateurs :
étude rétrospective multicentrique de 576 cas avec contrôle de
la cicatrisation. Rev Chir Orthop 2005;91:31—42.
[3] Galatz LM, Ball CM, Teefey SA, Middleton WD,  Yamaguchi K. The
outcome and repair integrity of completely arthroscopically
repaired large and massive rotator cuff tears. J Bone Joint Surg
Am 2004;86A:219—24.
[4] Kovacevic D, Rodeo SA. Biological augmentation of rotator cuff
tendon repair. Clin Orthop Relat Res 2008;466:622—33.
[5] Bedi A, Kovacevic D, Hettrich C, et al. The effect of matrix met-
alloproteinase inhibition on tendon-to-bone healing in a rotator
cuff repair model. J Shoulder Elbow Surg 2010;19:384—91.
[6] Rodeo SA. Biologic augmentation of rotator cuff tendon repair.
J Shoulder Elbow Surg 2007;16:S191—7.
[7] Gimbel JA, Van Kleunen JP, Lake SP, Williams GR, Soslowsky
LJ. The role of repair tension on tendon to bone healing in
an animal model of chronic rotator cuff tears. J Biomech
2007;40:561—8.
[8] Meier SW, Meier JD. The effect of double-row ﬁxation on initial
repair strength in rotator cuff repair: a biomechanical study.
Arthroscopy 2006;22:1168—73.
[9] Charousset C, Grimberg J, Duranthon LD, Bellaiche L, Petro-
ver D. Can a double-row anchorage technique improve
tendon healing in arthroscopic rotator cuff repair? A prospec-
tive, nonrandomized, comparative study of double-row and
single-row anchorage techniques with computed tomographic
arthrography tendon healing assessment. Am J Sports Med
2007;35:1247—53.
10] Franceschi F, Ruzzini L, Longo UG, et al. Equivalent clini-
cal results of arthroscopic single-row and double-row suture
anchor repair for rotator cuff tears: a randomized controlled
trial. Am J Sports Med 2007;35:1254—60.
11] McLaughlin HL, Asherman EG. Lesions of the musculotendi-
nous cuff of the shoulder. IV. Some observations based upon
the results of surgical repair. J Bone Joint Surg Am 1951;33:
76—86.
12] Debeyre J, Patte D, Elmelik E. Repair of ruptures of the rotator
cuff of the shoulder. J Bone Joint Surg Br 1965;47:36—42.
13] Gelberman RH, Nunley JA, Osterman AL, Breen TF, Dimick MP,
Woo SL. Inﬂuences of the protected passive mobilization inter-
val on ﬂexor tendon healing. A prospective randomized clinical
study. Clin Orthop Relat Res 1991;264:189—96.
14] Thomopoulos S, Williams GR, Soslowsky LJ. Tendon to bone
healing: differences in biomechanical, structural, and compo-
sitional properties due to a range of activity levels. J Biomech
Eng 2003;125:106—13.
15] Gimbel JA, Van Kleunen JP, Williams GR, Thomopoulos S,
Soslowsky LJ. Long durations of immobilization in the rat result
in enhanced mechanical properties of the healing supraspina-
tus tendon insertion site. J Biomech Eng 2007;129:400—4.
16] Constant CR, Murley AH. A clinical method of functional
assessment of the shoulder. Clin Orthop Relat Res 1987;214:
160—4.
17] Thomazeau H, Gleyze P, Lafosse L, Walch G, Kelberine F,
Coudane H. Arthroscopic assessment of full-thickness rotator
cuff tears. Arthroscopy 2000;16:367—72.
S[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[138  
18] Walch G, Marechal E, Maupas J, Liotard JP. Traitement chirur-
gical des ruptures de la coiffe des rotateurs. Facteurs de
pronostic. Rev Chir Orthop 1992;78:379—88.
19] Lewis CW, Schlegel TF, Hawkins RJ, James SP, Turner AS. The
effect of immobilization on rotator cuff healing using modiﬁed
Mason-Allen stitches: a biomechanical study in sheep. Biomed
Sci Instrum 2001;37:263—8.
20] Peltz CD, Sarver JJ, Dourte LM, Wurgler-Hauri CC, Williams GR,
Soslowsky LJ. Exercise following a short immobilization period
is detrimental to tendon properties and joint mechanics in a
rat rotator cuff injury model. J Orthop Res 2010;28:841—5.
21] Deutsch AA, Guelich D, Mundanthanam GJ, Govea C, Labiss
J. The effect of rehabilitation on cuff integrity and range
of motion following arthroscopic rotator cuff repair: a
prospective, randomized study of a standard and decelerated
rehabilitation protocol. American Shoulder and Elbow Surgeons
Closed Meeting; 2005 Nov 9—12; West Palm Beach, FL, USA. J
Shoulder Elbow Surg 2007;16(2):e62.
22] Parsons BO, Gruson KI, Chen DD, Harrison AK, Gladstone J, Fla-
tow EL. Does slower rehabilitation after arthroscopic rotator
cuff repair lead to long-term stiffness. J Shoulder Elbow Surg
2010;19:1034—9.
23] Brislin KJ, Field LD, Savoie FH. Complications after arthro-
scopic rotator cuff repair. Arthroscopy 2007;23:124—8.
24] Tauro JC. Stiffness and rotator cuff tears: incidence,
arthroscopic ﬁndings, and treatment results. Arthroscopy
2006;22:581—6.
25] Huberty DP, Schoolﬁeld JD, Brady PC, Vadala AP, Arrigoni P,
Burkhart SS. Incidence and treatment of postoperative stiff-
ness following arthroscopic rotator cuff repair. Arthroscopy
2009;25:880—90.
26] Neviaser RJ, Neviaser TJ. The frozen shoulder. Diagnosis and
management. Clin Orthop Relat Res 1987;223:59—64.
27] Mormino MA, Gross RM, McCarthy JA. Captured shoul-
der: a complication of rotator cuff surgery. Arthroscopy
1996;12:457—61.
[J.  Arndt  et  al.
28] Namdari S, Green A. Range of motion limitation after rotator
cuff repair. J Shoulder Elbow Surg 2010;19:290—6.
29] Schollmeier G, Uhthoff HK, Sarkar K, Fukuhara K. Effects of
immobilization on the capsule of the canine glenohumeral
joint. A structural functional study. Clin Orthop Relat Res
1994;304:37—42.
30] Schollmeier G, Sarkar K, Fukuhara K, Uhthoff HK. Struc-
tural and functional changes in the canine shoulder after
cessation of immobilization. Clin Orthop Relat Res 1996;323:
310—5.
31] Sarver JJ, Peltz CD, Dourte L, Reddy S, Williams GR, Soslowsky
LJ. After rotator cuff repair, stiffness—but not the loss
in range of motion—increased transiently for immobilized
shoulders in a rat model. J Shoulder Elbow Surg 2008;17:
108S—13S.
32] Peltz CD, Dourte LM, Kuntz AF, et al. The effect of postoper-
ative passive motion on rotator cuff healing in a rat model. J
Bone Joint Surg Am 2009;91:2421—9.
33] Kanbe K, Inoue K, Inoue Y, Chen Q. Inducement of mitogen-
activated protein kinases in frozen shoulders. J Orthop Sci
2009;14:56—61.
34] Raab MG, Rzeszutko D, O’Connor W, Greatting MD. Early
results of continuous passive motion after rotator cuff repair:
a prospective, randomized, blinded, controlled study. Am J
Orthop 1996;25:214—20.
35] Lastayo PC, Wright T, Jaffe R, Hartzel J. Continuous passive
motion after repair of the rotator cuff. A prospective outcome
study. J Bone Joint Surg Am 1998;80:1002—11.
36] Garofalo R, Conti M, Notarnicola A, Maradei L, Giardella A,
Castagna A. Effects of one-month continuous passive motion
after arthroscopic rotator cuff repair: results at 1-year follow-
up of a prospective randomized study. Musculoskelet Surg
2010;94(Suppl. 1):S79—83.
37] Blum A, Boyer B, Regent D, Simon JM, Claudon M, Mole D. Direct
coronal view of the shoulder with arthrographic CT. Radiology
1993;188:677—81.
